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L eakage in pipes is an ongoing prob¬ 
lem in research and development 
facilities across many sectors of the 
chemical process industries (CPI), 
such as petrochemicals, pharmaceuticals, 
food and beverage and others. Leakage can 
negatively affect operations in pilot plants 
and laboratory units, and can affect a wide 
range of laboratory equipment, analytical in¬ 
struments and testing equipment. Leaks are 
costly and time-consuming to find, and often 
are even more expensive to fix. Leaks result in 
poor-quality data or invalid results, which can 
require needless rework. Because leaks cre¬ 
ate unnecessary downtime and program de¬ 
lays, they drain stretched research resources. 

Leakage is often ignored or accepted as a 
'“necessary evil." it is common for scientists and 
engineers to talk about getting a system “‘leak 
tight" as if it is a one-time activity. Yet every sys¬ 
tem, no matter how well designed or well main¬ 
tained, Is almost certain to leak somewhere at 
some time. Therefore, leak testing needs to be 
a routine activity, not a one-time task. Simulta¬ 
neously, research personnel commonly think of 
leaks as unfortunate, but inevitable occurrences, 
like adverse weather conditions — “unfortunate, 
but what can one do?" As a result of that mind¬ 
set, few efforts are made to prevent or minimize 
the frequency of leaks. 

Significantly better performance can be 
achieved over time by (1) understanding the 
common causes of leaks and (2) taking pro¬ 
active steps lo reduce their frequency. This 
article focuses on tubing and small-bore pip¬ 
ing, which are more common in research 
and development. 

Common causes of leakage 

The following items constitute major causes 
of leakage in piping systems. 

Improper assembly. Pipe threads are often 
under-tightened (Figure 1). Undersized 
wrenches are often used because they are 
handy or to get more clearance, but this re¬ 
sults in the need to exert more force in con¬ 
necting pipes, which is often not supplied. 



FIGURE 1. This photo shows a leaking pipe union, probably 
resulting from being under tightened or forced together dur¬ 
ing assembly 


If upstream and downstream fittings are not 
properly held, they may slip before the nec¬ 
essary turns have been completed, In order 
to achieve the desired alignment, fittings are 
sometimes not tightened all the way. In order 
to get fittings to match up, they are often 
tightened insufficiently or forced into place. 
The former results in a connection that is too 
loose; the latter produces needless stresses, 
eventually promoting leaks. 

Poorly applied pipe sealant. Pipe sealant 
is often seen as an area to reduce costs, so 
inexpensive {and lower-quality) sealants may 
be used, or sealant material may be applied 
too lightly. Also, to save time, sealant may 
be applied unevenly. Tapes are allowed to 
bunch up due to poor assembly. 

Badly threaded pipe fittings. Dies for 
threading pipes are often used well past their 
lifetimes, resulting in rounded threads that are 
difficult to seal and are prone to leakage (Fig¬ 
ure 2). When standard dies are used to thread 
high-alloy pipe, they wear out quickly, usually 
well before anyone realizes there is a prob¬ 
lem, Dies are sometimes not started care¬ 
fully enough, resulting in threads that are not 
true and are more prone to leaks. Also, pipe 
threads can be cut too short or too long to 
make something fit an exact dimension. 
Compression fittings are not tightened 
properly. Pipe fittings are often tightened 
by "feel" instead of by the number of turns. 
Worse, many are deliberately under-tight- 
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FIGURE 2. Badly rounded threads like those shown 
here are almost certain to leak 


ened for longevity. Compression 
fittings that are routinely removed 
and replaced will, over lime and 
dozens if not hundreds of cycles, 
eventually start to leak and need to 
be replaced. The more the fitting is 
tightened, the shorter the time until 
this can happen. Most manufactur¬ 
ers recommend VA turns as a good 
compromise between longevity and 
integrity. However, good-quality 
compression fittings will often seal 
with fewer turns. So some personnel 
under-tighten compression fittings 
routinely to extend their life, But this 
results in a much greater chance of 
leakage, as the safety factor inherent 
in the manufacturer’s recommenda¬ 
tions is no longer present. 

Tubing inserted improperly. If tub¬ 
ing is not inserted all the way into the 
fitting and fails to bottom out, this will 
result in a poor seal. 

Debris and scratches. Fitting seal¬ 
ing surfaces and tubing outside 
surfaces are not generally treated 
carefully enough. Dirt, grit or foreign 
materials are often present, albeit in 
small amounts, but enough to cause 
gaps or scratches and promote leak¬ 
age. Poor work practices prevent 
the fittings or the tubing from staying 
clean enough. Tubing is often badly 
scratched from poor handling prac- 



FIGURE 3. Tbe tubing shown in this photo was 
probably poorly aligned and fell like it was prop¬ 
erly inserted to bottom out in the fitting. It leaked 
immediately upon startup and the entire piece had 
to tie replaced 



FIGURE 4, The softer copper ferrule shown in 
the photo will never seal properly on the harder 
stainless-steel tubing 

tices, being dragged along floors, 
dirt, or other surfaces that produce 
small scratches that make it more 
difficult for the system to seal prop¬ 
erly, All could be prevented by proper 
handling techniques. 

Misalignment Ferrules are left out, 
damaged, or so badly misaligned 
that sealing is compromised. Some 
tubing is not aligned properly (Fig¬ 
ure 3). Either it is placed in at an 
angle or forced into the fitting in 
such a way that the resulting forces 
are working against the fitting itself, 
promoting leakage. 

Tubing hardness. For compression 
fittings to work properly, the ferrules 
must be harder than the tubing, 
so they can bite into it (compress) 
and make a good seal {Figure 4), 
Thus, every quality manufacturer 
has a maximum recommended tub¬ 
ing hardness. Sadly, most tubing is 
bought from local suppliers with no 
reference to this property. This often 
results in tubing that is too hard for a 
good seal and numerous unneces¬ 
sary leaks. 

Heating and cooling 

Routine temperature changes always 
create more leaks. Whether these 
are heating or cooling is immaterial. 
Large (>1 SO^C) or rapid (>25°C/min) 
temperature swings can cause leak¬ 
age in as little as one cycle. The au¬ 
thor has seen fittings that started out 
leak-free and properly tightened be¬ 
come less than hand tight at the end 
of a heating or cooling cycle. 

Ambient temperature swings, 
often routinely ignored, are a sig¬ 
nificant continuing problem. While 
slower and of less magnitude, ambi¬ 
ent temperature swings happen with 
a much higher frequency (every day). 
The frequency more than compen¬ 
sates for the smaller magnitude and 
greatly promotes leakage. Common 
problem areas include pipes that 


are outdoors, in non-air-conditioned 
process bays, and facilities with 
significant off-hours temperature 
changes. Sterilization and cleaning- 
in-place are often overlooked as a 
source of the same issue. 

Stress and torque 

Pipe fittings that are subject to higher 
stresses and torque tend to leak 
more easily because these forces 
work against the sealing surfaces 
over time. Work on adjacent fit¬ 
tings or components can cause two 
leaks for each component touched 
(one on each side). Hold backs, or 
a wrench or pliers designed to pre¬ 
vent the body of the fitting from mov¬ 
ing, are difficult to always coordinate 
properly. Often, users respond to the 
turning motion after the stationary fit¬ 
ting starts to move, so it has already 
been loosened. Other problem areas 
include equipment, components 
and pipe sections that are frequently 
removed. These will teak not only at 
the disconnect points, but also often 
at nearby connections. Turning a 
poorly supported valve increases the 
potential for the torque to loosen the 
fitting and cause a leak. Vibrations, 
bumps and similar shocks from 
equipment and operations all can 
contribute to leakage. 

Clearance issues 

Pipe threads, unions and compres¬ 
sion fittings require clearance when 
connecting and disconnecting to 
allow components to be removed. It 
is often difficult to provide sufficient 
clearance, leading to problems in¬ 
cluding improper tightening, bent 
tubing or sprung piping (piping that 
has been forced together and has 
significant residual stresses trying 



FIGURE 5. Buying the right fitting would reduce 
the potential leak points by two, by eliminating the 
pipe bushing 
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FIGURE 6. A second support downstream of Ibe 
valve is necessary to minimize the force from turn¬ 
ing the vaive 


to pull it apart}. This is often a prob¬ 
lem when piping or tubing is delib¬ 
erately cut short to generate the 
clearance, In this case, it will tend to 
spring apart when loosened, allow¬ 
ing for easier removal, but leading 
to a much higher likelihood of leak¬ 
age. Flanges and sanitary fittings are 
commonly pulled apart to make gas¬ 
ket access easier, resulting in stress 
on nearby fittings. This often results 
in bending nearby components and 
increased chance of leakage. Ma¬ 
neuvering to remove a larger, heavier 
or awkwardly shaped component 
often results in bumping, banging, 
leaning on or similarly disturbing ad¬ 
jacent piping and components. 

Guidelines to minimize leakage 

The following practices will help re¬ 
duce the likelihood of pipe leakage. 
Buy quality components. The 
adage "you get what you pay for" 
is very true for pipe and compres¬ 
sion fittings. There is a reason why 
union or connector costs differ dras¬ 
tically from one supplier to the other. 
Components with lower initial costs 
will almost invariably turn out to cost 
more in the end when the costs of 
finding and repairing leaks are in¬ 
cluded. Quality always costs more, 
and many very low-cost fittings are 
sold primarily on price and are often 
of poor quality. 

Select the proper components for 
the service. Make sure the tubing 
you purchase has the proper hard¬ 
ness. Confirm that all the piping 
components have an adequate pres¬ 
sure and temperature rating with an 
adequate margin above your highest 
operating conditions. They need to 
be suitable for those infrequent times 
that are hotter or cooler than normal. 
This is particularly relevant in exterior 
service, where failing to account for 
the few days a year above 10CTF or 
below 0 6 F can create needless prob¬ 
lems. Recognize that solar gain (the 


heat that metals will pick up when 
exposed to the sun) can be signifi¬ 
cant (ICKBO^F). Trying to locate fit¬ 
tings in the shade may help reduce 
issues but it will only help at best, not 
eliminate the issue. 

Assemble fittings properly. Train all 
personnel on proper assembly tech¬ 
niques. Leaders should not assume 
that all personnel know how to as¬ 
semble fittings correctly, or that they 
will carefully read the (often cryptic, 
or missing) instructions. These steps 
may seem like overkill, but they re¬ 
ally do help prevent needless leaks. 
Gauge compression fittings after as¬ 
sembly to confirm proper makeup. 
The short time this takes pays rich 
dividends on showing which fittings 
need to be tightened. Mark the fit¬ 
ting to indicate the proper number of 
turns or make sure you have some 
way to always count them. Make sure 
the tubing is fully inserted into a com¬ 
pression fitting by either marking the 
proper insertion depth and making 
sure it goes in that far or disassem¬ 
bling the fitting to make sure it was 
done properly. Occasional checks 
after assembly are often prudent as 
a quality-control measure. Quality fit¬ 
tings come with the ferrules aligned 
and the nut just loose enough to in¬ 
sert the tubing. Try to avoid taking 
them apart before assembly. While 
perfectly acceptable, it does increase 
the chances of misalignment and 
should be avoided if possible. 
Consider leakage in the design. 
Avoid problematic connections, such 
as pipe threads and pipe unions, par¬ 
ticularly in heated or cooled lines or in 
gas service. Consider where flanges 
may be a better choice on larger 
lines and compression fittings on 
smaller lines (Figure 5). Allow reason¬ 
able access to all components and 
connections, not just the ones you 
think likely to leak, and particularly 
those that need higher maintenance. 
These include; pumps, compressors 
and similar rotating equipment; fil¬ 
ters, purifiers and similar items that 
need to be cleaned or replaced; and 
all instrumentation. Some time and 
effort during the design stage pro¬ 
duces much lower leakage rates. 
Use holdbacks. Always use a hold¬ 
back to keep adjacent fittings from 
being needlessly turned or stressed. 


Train personnel how to use it prop¬ 
erly (Figure 6). This is something that 
sounds easy until you do it. Support 
all your valves, or at least all the valves 
you will turn with any frequency. In¬ 
dividual valve brackets work best, 
whether homemade or purchased. 
Supporting valves by clamping the 
tubing on each side is effective if the 
supports are close enough. Panel 
board mounting is not recommended. 
While it rigidly supports the valves, it is 
difficult to align all the tubing properly. 
This leads to frequently forcing it into 
place with increased risk of leakage. It 
also makes leak testing harder due to 
limiting access. 

Consider custom fabrications to 
reduce the number of potential 
leak points. Waiting a few weeks for 
a vessel with exactly the ports you 
need, paying extra for a nonstandard 
fitting, asking for welded fittings in¬ 
stead of threaded, or specifying an 
instrument with integral compression 
fittings instead of adaptors almost al¬ 
ways ends up costing less and being 
faster in the end. It does, however, 
require some thought during the de¬ 
sign and procurement stage. 
Minimize the number of joints. 
Fewer joints mean fewer potential 
sites for leakage. Bend more tub¬ 
ing instead of using elbow fittings. 
Use crosses instead of dual tees 
(four versus six potential leak sites). 
Purchase reducers that match ex¬ 
actly the sizes you need rather than 
using multiple fittings. Specifying 
valves with different inlet and outlet 
connections, gages with tubing con¬ 
nections, or instruments with tubing 
connections may cost a bit more and 
take somewhat longer for delivery, 



FIGURE 7. The compressor should have a flexible 
connection as the fitting on the tank is certain to 
leak overtime 
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but the savings in time and effort in finding and correct¬ 
ing needless leaks always outweighs these initial outlays. 
Consider in-house or custom fabricating those things 
you can't purchase. Machining specialty fittings, welding 
two stock fittings together, or getting a custom compo¬ 
nent manufactured is often feasible. The extra time spent 
and cost are always recouped quickly through reduced 
leak testing and locating and remedying leaks found. 
Property mount equipment. Make sure the mounting 
provides adequate strength to resist the forces that will be 
applied to it. How often have you seen tubing bent near 
a cartridge filter that required a wrench to remove or a 
valve that can be seen to move slightly when it is turned? 
Substantial-looking brackets can flex in unplanned direc¬ 
tions. Often the support for the bracket is too flimsy and 
flexes. Supporting pipe or tubing to other pipe or tubing is 
a bad practice. While it can prevent sagging on long runs, 
it provides little support to prevent leakage. 

Pipe removable components properly. Consider how 
you would assemble and disassemble any component 
that needs maintenance or changing such as filters, puri¬ 
fiers or traps. How do you remove instruments for cali¬ 
bration or control valves to replace trims? Plan on how 
you remove them without generating needless leaks. 
Zero-clearance fittings are well worth the extra cost. 
Flexible hoses and removable U bends often eliminate or 
at least reduce needless leakage. This may require extra 
space during the layout. 

Isolate vibrating equipment with damping pads or 
springs. Flexible connections to fixed systems, such as 
compressors, pumps, vacuum pumps and mixers, are 
important for all piping (Figure 7), Make sure the support¬ 
ing structure is stiff enough that it does not vibrate or flex 
during operation. Make sure that any residual vibration is 
dampened as much as possible. Do not anchor tubing 
supports to the rotating equipment stand. That usually 
just transmits the vibration even further. 

Carefully design systems subject to temperature 
changes. Wherever possible, avoid or minimize joints. 
Instead, use welding, brazing or soldering to eliminate 
these potential leak points. Utilize specialty fittings and 
components with fewer joints. Use more leak-resistant 
components like vacuum fittings. Consider packless 
valves and similar ‘‘sealless'’ components. Avoid heat 
tracing if possible and consider small heated enclosures 
instead. These raise the temperature of all the internal 
components at a similar rate and minimize leaks due to 
uneven thermal stresses. Heated enclosures will, unfor¬ 
tunately, stilt result in piping leaks upon cooling or other 
temperature changes, but will avoid numerous routine 
temperature differentials that are aiways produced by 
heat-tracing systems. These differentials are certain to 
increase the number of leaks. The use of heated enclo¬ 
sures also allows modification, leak testing and mainte¬ 
nance without insulation removal and replacement — 
another cost savings. 

Consider keeping the system at a constant tempera¬ 
ture when not in service. The extra expense associ¬ 
ated with doing so is often more than offset by a reduced 
leak rate. Provide for gradual heat up or cool down — 


the slower, the better. Automating the process to slowly 
ramp up or down over time is often a good way to imple¬ 
ment this method. Allow for expansion and contraction, 
even in shorter runs. 

Is it possible to implement all of these suggestions all 
the time on all your units? Sadly, in the real world, prob¬ 
ably not. You likely will not have enough space, money or 
time to always do everything 100% correctly 100% of the 
time. But by foliowing these guidelines as much as pos¬ 
sible, you can make significant improvements in reducing 
pipe leakage. ■ 
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